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Tibetan Plateau, the world largest and youngest plateau, is an ideal laboratory for studying the ongoing continental dynamics caused by continuous active continental collision [1, 2] . In recent years, numerous geological surveys and geophysical studies based on data from broadband seismic stations have been carried out inside the Tibetan Plateau, aiming to unlock the process of crustal growth and origin of lithosphere. More and more geological evidences show that the Bangong-Nujiang suture zone is the north border of Gondwana, and there is distinct difference between the basement of the south and that of the north of the suture zone [3] . A series of geophysical studies also show that crust and upper mantle structure of southern Tibet differs greatly from that of northern Tibet, with a boundary around 32°N [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . In northern Tibet, low Pn velocity, high-frequency Sn, and Lg rapid attenuation [10] [11] [12] , low shear velocity [13] , high Poisson's ratio (0.29 ± 0.02), small Q value [14] and large delay time of shear wave splitting [15] [16] [17] are observed in the crust and upper mantle, with shallow earthquakes (no more than 30 km) widely distributed in Qiangtang Terrane [18] . All these suggest that northern Tibet has a thin, or even absent [19] , lithosphere with high temperature [11] and a shallow asthenosphere. The hypotheses of "lithosphere delamination" and "gravitational instability" are proposed to explain the thin lithosphere of northern Tibet, and they are also supported by rich basaltic lavas in potassium since about 13 Ma [20] . However, it is still in dispute whether upwelling hot "mantle plume" causes large-scale "lithosphere delamination" [21] or as-thenosphere upwelling causes local "lithosphere de-lamination". Recent S-to-P converted waves reveal only a vertical gap of about 50 km between Indian and Asian lithospheres, indicating a north-dipping Indian lithosphere and south-dipping Asian lithosphere [22] . Different models of northern Tibet lithosphere suggest inadequate investigation into the deep structure of Tibetan Plateau, especially below 100 km of the upper mantle. In view of the fact that marked lateral heterogeneity is observed in Tibet, we mainly focus on the fine velocity structure below 100 km of the upper mantle under western Qiangtang Terrane, so as to know more about deep tectonics and lithosphere evolution of the Tibetan Plateau.
Regional distance seismic triplication is one of the approaches for measuring upper mantle velocity structure [23] [24] [25] [26] [27] [28] [29] . Regional seismic rays form complex triplicated waveforms when speeding within the transition zone, due to the 410 and 660 km discontinuities and high gradients in the upper mantle transition zone. The most sensitive waves to the velocity at a particular depth are those that turn at that depth [23] . For deep events, seismic rays subhorizontally travel across the upper mantle transition zone or top of the lower mantle, and they travel across the shallow upper mantle only near stations, which provides the most direct constraint for studying velocity structures below 100 km of the upper mantle. Lyon-Caen [28] used waveforms and traveltime of long-period SH wave (10°-30°) and SS-S wave to constrain the upper mantle shear velocities down to a depth of 400 km beneath the Tibetan Plateau. By modeling S and SS triplicated waveforms and relative travel times, Zhao derives an average P and S wave velocity model of the lithosphere and upper mantle structure to a depth of 410 km (TIP model) [29] . Limited by the then observation conditions, most studies used long-period data of the few seismic stations in the periphery of the Plateau, with few data inside the Plateau available. Therefore they derived merely an average velocity model of Tibetan Plateau as a whole without lateral variations. In this study, we use triplicated phases of an intermediate event recorded by the broadband INDEPTH-III seismic array to resolve the upper mantle velocity structure beneath western Qiangtang Terrane.
Seismic data
In the study of upper mantle structure with triplicated waveforms, regional seismic data at 10°-30° epicentral distances are usually preferred. To avoid the effects of lateral heterogeneity in the upper mantle and shallow structure below receiver stations, tight constraints come from a seismic array with an orientation approximately along a great circle with events, or a relatively small azimuthal range. Besides, to eliminate the potential uncertainty of source, event magnitudes no less than 5.0 were preferred with clear phase Pp signals recorded at teleseismic distances for focal depth determination [23] . The broadband INDEPTH-III seismic array [30] was deployed between 1998-1999, extending from Lhasa block, across Bangong-Nujiang suture zone, into Qiangtang Terrane. In order to acquire reliable waveform data, we select events with magnitude at least 5.0, relatively deep focal depth and high signal-to-noise ratio from INDEPTH-III records. Deep focal events can avoid the effect of shallow structure of the source region on triplicated phases. In this paper, an intermediate (~220 km) event is selected, which occurred at Hindu-Kush and was recorded by the INDEPTH-III array with epicentral distances between 14°-19º ( Figure 1 ). In the course of INDEPTH-III observation, only this intermediate event has clear S-wave signals, and the corresponding teleseismic P-wave records reveal a relatively simple source time function and small azimuthal range (±3°) from the event to the seismic array. Therefore, this is an ideal event for studying upper mantle structure beneath Qiangtang Terrane. Table 1 shows source information of the event and fault plane solution from Harvard CMT, Figure 1 A map of great circle paths from the seismic event (star) to stations (triangles).
